Most published articles on total ankle replacement (TAR) have presented results from mixed cohorts of patients suffering from end-stage ankle arthritis of several different etiologies, such as posttraumatic arthritis, primary arthritis, and rheumatoid arthritis ([@CIT0006], [@CIT0031], [@CIT0005], [@CIT0024], [@CIT0003], [@CIT0033]). To our knowledge, there have been no studies on TAR concentrating exclusively on patients withposttraumatic arthritis, but some studies have focused on TAR in combined cohorts of posttraumatic and primary osteoarthritis ([@CIT0028], [@CIT0002], [@CIT0010]).This is surprising, as posttraumatic arthritis is considered to be the most frequent cause of ankle arthritis ([@CIT0026]).

2 subgroups of posttraumatic arthritis should be distinguished: (1) postfracture arthritis, secondary to an intra- or juxta-articular fracture; and (2) ligamentous posttraumatic arthritis, secondary to a single severe ankle sprain or as a result of recurrent or chronic instability ([@CIT0029]). We refer to the latter as instability arthritis. Patients suffering from end-stage instability arthritis frequently present with a varus deformity of the ankle as a result of both lateral ligament laxity and asymmetric cartilage loss medially ([@CIT0013], [@CIT0009], [@CIT0025]).

We evaluated the medium-term outcome of TAR for end-stage posttraumatic ankle arthritis and compared it for postfracture arthritis and for instability arthritis. Our research questions were whether patients treated with TAR for instability arthritis---as they more frequently have a deformity and perhaps also residual instability after TAR---will have worse results with respect to (1) implant survival, (2) the number of reoperations, and (3) ankle-specific and general patient- and physician-based outcomes.

Patients and methods {#ss1}
====================

We included all patients who had been treated with a primary TAR at our institution for end-stage posttraumatic arthritis between March 2001 and December 2009. We identified 90 TARs in 88 patients with a mean age of 57 (28--77) years at surgery. These patients were divided into 2 subgroups based on their primary diagnosis: 50 TARs (all unilateral) in the postfracture group (ankle arthritis after a malleolar fracture (n = 36), a lower leg fracture (n = 10), a tibial pilon fracture (n = 3), and a talar fracture (n = 1)) and 40 TARs (2 bilateral) in the instability group (defined as previously described). The ankles had been symptomatic for mean 11 (1--35) years prior to TAR ([Table 1](#T1){ref-type="table"}).

###### 

Patient demographics at the time of surgery

                                        Postfracture OA n = 50                        Instability OA n = 40                         Total n = 90
  ------------------------------------- --------------------------------------------- --------------------------------------------- --------------
  Mean age (range)                      54 (28--74)[**^a^**](#T1-F1){ref-type="fn"}   58 (32--77)[**^a^**](#T1-F1){ref-type="fn"}   56 (28--77)
  Male/female                           27 / 23[**^a^**](#T1-F1){ref-type="fn"}       31 / 9[**^a^**](#T1-F1){ref-type="fn"}        58 / 32
  Side (right/left)                     29 / 21                                       19 / 21                                       48 / 42
  Mean BMI (range)                      28 (22--39)                                   28 (22--34)                                   28 (22--39)
  Median in-hospital stay (IQR), days   5 (4--5)                                      5 (5--6)                                      5 (4--5)
  Type of prosthesis (BP/CCI)           7 / 43                                        8 / 32                                        15 / 75

p-value \< 0.05.

BP: Buechel-Pappas; CCI: Ceramic Coated Implant.

2 prosthetic designs were used in this study. The first 15 TARs used the Buechel-Pappas (BP) mobile-bearing prosthesis (Endotec, South Orange, NJ), and from April 2004 onwards 75 TARs were performed with the Ceramic Coated Implant (CCI) mobile-bearing prosthesis (Wright Medical Technology, Arlington, TN). Revision was defined according to [@CIT0015] as removal or exchange of 1 or more of the prosthetic components, with the exception of the incidental exchange of the polyethylene insert, e.g. during open debridement. Reoperation was defined as any subsequent non-revision surgery with involvement of the joint (open or arthroscopic).

All 90 TARs were evaluated at the outpatient clinic by HCD. Data for the ankle-specific American Orthopaedic Foot and Ankle Society score (AOFAS) and the Kofoed ankle score were obtained ([@CIT0018], [@CIT0019]). Combined ankle-hindfoot range of motion (ROM) in the sagittal plane was measured clinically: dorsiflexion while the patient was standing, plantar flexion while the patient was sitting. Preoperative data (baseline), and data at 1 year and at the latest follow-up (end date: September 2012) were used for analysis. Furthermore, at the latest follow-up, patients were invited to fill in the region-specific Foot and Ankle Ability Measure questionnaire (FAAM) ([@CIT0022]) and the generic Short Form 36 (SF-36) questionnaire. Clinical outcomes were quantified by the following scoring systems: regarding ipsilateral ankle-hindfoot pain and function, by both the AOFAS ankle-hindfoot score and the Kofoed ankle score; and for activities of daily living (ADL) and sport activities, using the FAAM score. Perceived disability was quantified with the SF-36 questionnaire ([@CIT0030]). The Dutch translation of this survey has been validated ([@CIT0001]).

Preoperative radiographic evaluation and and radiographic evaluation at follow-up was done using standardized anteroposterior and lateral radiographs of the ankle and foot. Preoperative weight-bearing radiographs were taken in all patients, and, from 2009, also at follow-up. When cystic changes were seen on plain radiographs, computed tomography (CT) was done. Radiographs were assessed for preoperative tibio-talar alignment, for migration of the TAR components, and for radiolucency and osteolysis---both by HCD and by an independent musculoskeletal radiologist.

Statistics {#ss2}
----------

Survival analysis was performed using the Kaplan-Meier approach for the 2 definitions of failure: revision and reoperation. Patients who were lost to follow-up, or who had died with their prosthesis in situ, were defined as censored. Log rank tests were performed at the end of each time interval of 1 year, to assess the difference between the postfracture group and the instability group.

Group comparisons of the outcome measures were performed using Student's t-test or the Mann-Whitney U-test for continuous outcomes, or with chi-squared test for categorical variables. Due to skewed distribution of the response variables (e.g. AOFAS, Kofoed, FAAM), comparisons were made univariately using the Mann-Whitney U-test. In cases of suspected confounding, separate univariate analysis was performed to determine the necessity for correction. Any p-value less than 0.05 was considered significant.

Ethics {#ss3}
------

The study was approved by our institutional review board (P1222).

Results {#ss4}
=======

Preoperative alignment {#ss5}
----------------------

Tibiotalar valgus deformity was found in 2 ankles in the postfracture group (12° and 18°, respectively), but mean alignment in this group was 0°(range, 6° of varus to 18° of valgus). Tibiotalar varus deformity of 10° or more was present in 23 ankles, all of them in the instability group. Mean alignment in the instability group was 11° of varus (range: 0° to 30° of varus). The difference in varus deformity between groups was statistically significant (p = 0.03).

Survival analysis {#ss6}
-----------------

At the last follow-up, 13 ankles in 13 patients were revised or had undergone a salvage fusion ([Table 2](#T2){ref-type="table"}) and 3 patients had died (3 ankles). Follow-up data from the deceased patients were available until the latest outpatient visit before death. 2 patients refused to fill in the questionnaires. None of these 5 patients had a revision of their implant and none were included in the survival analysis. Thus, 74 TARs were followed up, 72 of which had a complete dataset with questionnaires included. Survival rate (defined by revision or removal of the prosthesis by 6 years postoperatively) was 87% (95% CI: 74--99) in the postfracture group and 79% (95% CI: 63--94) in the instability group. Reoperations, defined as subsequent surgery with involvement of the ankle joint without removal of the prosthesis, were carried out in 23 ankles. Using log rank tests, no significant differences in survival were found between groups, either with revision as an endpoint ([Figure](#F1){ref-type="fig"} and [Table 3](#s1){ref-type="supplementary-material"}, see Supplementary data) or with revision and/or reoperation as an endpoint ([Table 4](#s1){ref-type="supplementary-material"}, see Supplementary data). After 6 years, the groups became too small for proper survival analysis (\< 10 patients per group).

###### 

Data on the 13 ankles that required a revision or a salvage fusion

  Case no.          Age at surgery   Months to revision   Procedure (component)   Reason for revision
  ----------------- ---------------- -------------------- ----------------------- -----------------------------------------------------------
  Postfracture OA                                                                 
   40               49               74                   Salvage fusion          Osteolysis
   54               59               67                   Salvage fusion          Osteolysis + talar loosening
   60               59               66                   Salvage fusion          Osteolysis
   64               70               50                   Salvage fusion          Osteolysis + tibial loosening
   80               53               22                   Salvage fusion          Talar loosening
  Instability OA                                                                  
   10               58               121                  Salvage fusion          Osteolysis
   20               53               15                   Tibial revision         Tibial loosening (malposition)
   26               67               8                    Tibial revision         Tibial loosening (malposition)
   34               53               13                   Tibial revision         Tibial loosening (malposition)
   36               74               70                   Salvage fusion          Osteolysis
   44               59               10                   Salvage fusion          Varus deformity after traumatic medial malleolar fracture
   48               53               47                   Salvage fusion          Talar loosening + tibial osteolysis
   51               53               14                   Tibial revision         Tibial loosening

OA: osteoarthritis.

![Kaplan-Meier survival curve with revision and/or reoperation as an endpoint for both the postfracture group and the instability group, with 95% confidence intervals.](ORT-86-401-g001){#F1}

Age and sex, both of which were significantly different between groups at baseline (p = 0.04 and p = 0.03, respectively), were tested univariately for the risk of failure of the prosthesis. There was no statistically significant influence of these variables on survival.

Additional intraoperative procedures, complications, and subsequent surgery {#ss7}
---------------------------------------------------------------------------

Percutaneous Achilles tendon lengthening was performed in 16 ankles when dorsiflexion was insufficient (less than 5°) at the end of the procedure. Medial malleolar lengthening osteotomy was carried out when, despite a release of the deep part of the medial collateral ligament, varus instability with bearing subluxation persisted when tested with trial bearings ([@CIT0009]). Medial malleolar osteotomy was carried out more often in the instability group: in 20 of 24 ankles with a preoperative varus deformity of 10° or more and in 4 of 16 with less than 10° varus.

Complications occurred in 23 ankles, 12 in the postfracture group and 11 in the instability group. 1 intraoperative tibial fracture, the talar fracture, and the 9 intraoperative malleolar fractures healed with prolonged immobilization; in the majority, internal fixation was not required. 7 ankles developed a wound-healing disturbance. All were successfully treated by prolonged immobilization and wound treatment. 1 TAR developed an deep infection, which was successfully treated with lavage locally and systemic antibiotics.

Subsequent surgery without implant exchange included either open or arthroscopic debridement in 10 TARs for symptomatic talar-malleolar arthritis. 6 TARs with progressive osteolytic cysts were treated with open debridement and grafting of the defect with autologous cancellous bone combined with routine bearing exchange at an average of 67 (37--92) months after the index operation. With longer follow-up, 2 of these 6 ankles eventually required a salvage fusion, as the cysts reoccurred. For details of reoperations and additional intraoperative procedures and perioperative complications, see [Table 5](#s1){ref-type="supplementary-material"} in Supplementary data.

Clinical outcome ([Table 6](#s1){ref-type="supplementary-material"}, see Supplementary data) {#ss8}
--------------------------------------------------------------------------------------------

Mean AOFAS score at baseline (preoperatively) was 40 (33--54) in the postfracture group and 31 (25--42) in the instability arthritis group, due to a difference in alignment subscore, as many instability ankles scored 0 points instead of 10 points. At 1 year, the scores had improved substantially, to 83 (73--94) in the postfracture group and to 88 (78--95) in the instability arthritis group. Scores at the latest follow-up did not decline. There were similar findings with the Kofoed ankle scores at baseline and at follow-up.

ROM differed 5° at baseline in favor of the instability group, mainly because of a limited dorsiflexion of 3° in the postfracture group. This difference was significant (p \< 0.01), and it remained so at the latest follow-up.

In addition, we investigated whether ROM increased in rigid ankles after TAR. Rigid was defined as a baseline dorsiflexion of less than 0° (n = 46) and mobile was defined as a baseline dorsiflexion of more than 0° (n = 24). At the latest follow-up, dorsiflexion remained significantly lower (p = 0.03) in the rigid group (6°, range: −5° to 12°) than in the mobile group (8°, range: 0° to 15°). Furthermore, overall ROM was 5° better in the mobile group, with borderline significance (p = 0.05). When computing change from baseline to latest follow-up, we found an improvement in dorsiflexion of 8.5° (range: --5° to 25°) in the rigid ankles (p \< 0.001), whereas the mobile ankles showed no increase in dorsiflexion.

Patient-reported outcomes {#ss9}
-------------------------

As assessed by FAAM, activities of daily living (ADL) did not fully normalize, and the level of sport activities was fair to low. Disability as assessed by SF-36 showed good social functioning but some limitations regarding persistent pain and vitality. Outcome at the latest follow-up was similar for both groups, with both scoring systems. For details of the ankle scores, ROM, and patient-reported outcomes, see [Table 7](#s1){ref-type="supplementary-material"} in Supplementary data.

Radiographic outcome {#ss10}
--------------------

At the latest follow-up, 11 of the 77 unrevised TARs showed a small (1-mm) complete radiolucent line around the tibial component (5 in the postfracture group and 6 in the instability group). 2 postfracture TARs showed partial radiolucent lines around the tibial component. Subsidence of the tibial component was not seen in the unrevised TARs. 2 TARs showed complete radiolucent lines around the talar component (1 in the postfracture group and 1 in the instability group). Slight subsidence of the talar component was seen in 8 ankles (postfracture, 1; instability, 7). In 23 ankles (postfracture, 13; instability, 10) periprosthetic osteolytic lesions larger than 10 mm were identified, either in the tibia or in the talus, or in both. These lesions occurred after an average interval since the index operation of 53 (13--118) months. 6 of these osteolytic ankles required a salvage fusion with longer follow-up ([Table 2](#T2){ref-type="table"}).

Discussion {#ss11}
==========

TAR is an accepted surgical treatment for end-stage ankle arthritis ([@CIT0012], [@CIT0027], [@CIT0033]). In contrast to osteoarthritis of the hip and knee, posttraumatic arthritis is the most frequent cause of end-stage ankle arthritis ([@CIT0026], [@CIT0007], [@CIT0029]). Most papers on TAR have presented results for a combination of several etiological subgroups: posttraumatic arthritis, primary arthritis, inflammatory arthritis, and other etiologies ([@CIT0006], [@CIT0031], [@CIT0005], [@CIT0024], [@CIT0003]). However, in view of the high rate of patients with a diagnosis of primary ankle arthritis in many series ([@CIT0033]), it might well be possible that a large number of ankles, classified in many studies on TAR as primary arthritis, are actually secondary to ankle sprains and chronic instability. Varus deformity is frequently present in ankles with end-stage instability arthritis ([@CIT0013]). As preoperative frontal plane deformity has been identified as a risk factor for failure of TAR ([@CIT0008], [@CIT0014], [@CIT0031]), the etiology of ankle arthritis may be of value for evaluation of the indication for and the expected outcome of TAR.

We investigated the medium-term results of mobile-bearing TAR for 2 subgroups of posttraumatic arthritis: postfracture arthritis and instability arthritis. The demographics of the subgroups differed with respect to age and sex: in the instability group, there were more males and mean age was somewhat higher. Furthermore, there was a high rate of varus deformity in this group. Otherwise, the patient characteristics were similar in both groups. Thus, the 2 groups varied mainly with respect to the etiology of their ankle arthritis, leading to stiffer ankles in the postfracture group and to a high rate of varus deformity in the instability group. Consequently, we expected that TAR for postfracture ankles would lead to stiffer ankles and possibly reduced function, and that TAR for instability arthritis might have a higher failure rate of the implant and might also lead to more reoperations. However, we found similar 6-year implant survival rates in the 2 subgroups, 87% and 79% respectively, which is comparable to those in a recent registry study and 2 systematic reviews ([@CIT0011], [@CIT0016], [@CIT0033]). So, both of our hypotheses that TAR for instability arthritis would have a worse survival and/or more reoperations could not be confirmed at medium-term follow-up. Furthermore, clinical outcome---as assessed with the AOFAS and Kofoed scoring systems and with 2 validated questionnaires---was similar between the postfracture TARs and the instability TARs. Dorsiflexion improved in the stiff ankles to a functional level. These findings are in line with our third hypothesis.

The most prominent failure mechanism was osteolysis, which required salvage fusion in 6 ankles (2 after a failed debridement and grafting procedure). Periprosthetic osteolysis after TAR has been described before with several designs, both of the fixed-bearing and the mobile-bearing type ([@CIT0004], [@CIT0020], [@CIT0017], [@CIT0021], [@CIT0032], [@CIT0023]). Mechanical loosening of the tibial component occurred in 4 ankles in the instability group---in 3 of these, in relation to component malposition. These ankles were successfully revised by tibial component exchange. Furthermore, there was 1 failure due to a recurrent deformity after a late traumatic medial malleolar fracture. Mechanical loosening of the talar component was seen in 2 ankles, in 1 combined with tibial osteolysis. Potential failures might be subsidence of the talar component (as seen in 8 ankles) and progressive periprosthetic osteolysis.

A weakness of our study was the small number of TARs available with more than 6 years of follow-up. Furthermore, no multivariate analysis on the reasons for failure could be carried out due to the low number of events. Another weakness was that patient-reported outcomes were only available at the latest follow-up.

In summary, at medium-term follow-up, TAR for postfracture and for instability arthritis performed similarly, despite the high rate of preoperative varus deformity in the instability group. These results contrast with earlier medium-term reports on the outcome of TAR, in which preoperative frontal plane deformity was found to lead to reduced implant survival ([@CIT0008], [@CIT0014], [@CIT0031]). This similar survival rate might be the result of improved balancing techniques used at our institution in recent years, such as lengthening osteotomy of the medial malleolus. Considering the high rate of preoperative deformity with instability arthritis, we propose to classify this diagnosis as a separate item, apart from other etiologies, in future reports on TAR. Finally, in the present study as in other recently published series, periprosthetic osteolysis was present in a high number of ankles at medium-term follow-up.

Supplementary data {#ss12}
------------------

[Tables 3--7](#s1){ref-type="supplementary-material"} are available at Acta's website ([www.actaorthop.org](www.actaorthop.org)), identification numbe 7944.

###### 
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